In this study, the magnetic ground state of the hollandite type material K 2 Cr 8 O 16 was tuned by externally applied pressure and investigated using µ + SR method in Zero-field (ZF) and weak-transverse field (wTF) configurations. As a result, the obtained magnetic transition temperature for the measured pressures differs notably from magnetization measurements. Moreover, both wTF and ZF data reveal a transition between two different magnetically ordered states at low temperatures for higher pressures. Further theoretical and experimental studies are currently being planned in order to elucidate the detailed nature of the magnetically ordered phase.
Introduction
One-dimensional (1D) magnets have been extensively investigated during the last years as they could give an insight in the interplay between quantum and thermal fluctuations. In this respect, hollandite type materials are one of the 1D materials that have attracted a lot of interest [1] [2] [3] . These materials with a general chemical formula A x M 8 O 16 have a common tunnel structure constructed from the M 2 O 4 framework formed by the zigzag chains of edge-shared MO 6 octahedra and A cation at the tunnel sites, as shown in Fig. 1 . In these systems, the magnetic order is determined by the complex balance of inter and intra chain interactions. [4, 5] Naturally, the magnetic ground state can be tuned by the application of pressure, either by an adequate chemical substitution or by external pressure. In addition, 1D materials are also of interest for applied science such as battery research, where the 1D tunnels are used as potential diffusion paths [6, 7] .
Among the hollandites, K 2 Cr 8 O 16 is perhaps one of the most intriguing one. This compound, which has a tetragonal structure (see Fig. 1 ), exhibits a unique metal-insulator transition (MIT) inside a ferromagnetic (FM) state which is preserved across the transition [8, 9] . Magnetization measurements reported a Curie temperature T C = 180 K and temperature dependence of the electrical resistivity suggested a MIT temperature T MIT = 95 K at ambient pressure [8, 10] . The previous µ + SR study of the compound [11] obtained a T C ≃ 168 K by weak-transverse field (wTF) measurements. The difference between the T C values obtained from magnetization measurements and µ + SR experi-ments can be attributed to the fact that the µ + SR technique allows for measurements in very low (or even zero) externally applied magnetic fields. Therefore, the intrinsic magnetic properties of the material are probed using muons. While the physical explanation behind the MIT has been debated for almost a decade, the latest proposition is a Mott-Peierls transition, concluded after ab initio density functional theory (DFT) calculations [12, 13] . Thus far, studies of the pressure dependence of the magnetic properties of K 2 Cr 8 O 16 have been rather limited. While previous initial studies using magnetoresistance, resistivity and magnetization measurements under pressure have been performed [10] , there are still many unanswered questions regarding the magnetic ground state at low temperature and high pressure. With aim of clarifying these issues, we have investigated the magnetic phase diagram of K 2 Cr 8 O 16 as a function of pressure, using µ + SR.
Experimental setup
The sample was prepared at Max Planck Institute for Solid State Research under high pressure and high temperature, using a solid state reaction technique. Characterization and more detailed sample preparation procedures are reported in Ref. [8] . The powder sample was pressed into pellets and stacked into a cylinder (height = 14 mm, diameter = 6mm) that fits the pressure cell used for the µ + SR experiments. The high pressure µ + SR experiments were performed at the GPD instrument at the Paul Scherrer Institute (PSI) in Switzerland [14] . Before starting the experiment, the sample/pressure cell signal ratio was optimized in order to minimize the background signal from the pressure cell. A MP35 piston cylinder pressure cell [14] was used to achieve high pressure with Daphine oil as a pressure transmitting medium. In addition, a 3 He cryostat was employed to reach low temperatures T Base ≃ 0.3 K. Finally, the data was analyzed using musrfit program [15] . 
Results and Discussions
where A 0 is the initial asymmetry, P(t) ZF is the muon polarization function, f n are the Larmor frequencies and ϕ n are the corresponding phases, A ZF and A Tail are the respective asymmetries for each component and λ TF and λ Tail are the corresponding relaxation rates. The following four frequencies were obtained at ambient pressure by fitting Eq. 1 to the µ + SR time spectrum: f 1 = 45.1, f 2 = 78.3, f 3 = 82.1 and f 4 = 111.9 MHz where f n is proportional to the internal magnetic field. These frequencies are slightly different from the previous ambient µ + SR measurement [11] since the pressure cell induces a small but notable pressure. Note that frequencies above 130 MHz are on the limit of what is resolvable on the current beam line. The time spectrum for p = 0 kbar and p = 25 kbar is shown in Figs. 2 (a) and 2 (c) where the fit using Eq. (1) is represented as a solid black line. The corresponding Fourier transforms are given in Figs. 2 (b) and 2 (d) . Comparing the two Fourier transforms reveal a drastic change in the number of frequencies: f 2 and f 3 are unchanged up to p = 25 kbar, while f 1 and f 4 are absent in the high pressure measurement. This drastic change in the internal magnetic field suggests a phase transition from the ferromagnetic insulator (FI) ground state at p = 0 kbar to another magnetically ordered state at high pressure.
The sample was also studied performing a wTF = 20 G temperature scan around the magnetic transition. The obtained wTF time spectra were fitted using one oscillatory component, one term describing the magnetic fraction of the sample and one 1/3 powder average tail component:
where A 0 is the initial asymmetry, P(t) TF is the muon spin polarization function, f TF is the frequency from the applied wTF, ϕ TF is the phase, A TF , A FM and A Tail are the respective asymmetries and λ TF , λ FM and λ Tail are the corresponding relaxation rates. Figure 3 (b) displays the A TF (T ) for p = 0 kbar and p = 25 kbar. The drastic change in A TF (T ) dependence indicate a phase transition from a magnetically ordered to a none magnetic state with increasing temperature. The transition temperature is obtained at the middle point of the solid line sigmoid fits presented in Fig. 3 (b) as T 0 kbar = 160.7 K and T 25 kbar = 71.2 K meaning the transition temperature decreases with increasing pressure. In addition, it is clear from Fig. 3 (a) that the shape of the temperature dependence of the relaxation rate changes with pressure. This result strongly suggests that the magnetic ground state at p = 25 kbar is different from that at p = 0 kbar.
In conclusion, the results from both ZF and wTF suggest that the sample is undergoing a phase transition between the two presented pressures. The exact ground state at p = 25 kbar remains to been seen and more detailed pressure dependent µ + SR measurements are required. Finally, we are also planning to conduct neutron diffraction experiments under pressure in order to gain information on both potential changes in the crystal structure as well as the magnetic spin order. Such neutron diffraction data will be correlated with present and future µ + SR data to gain full understanding of this complex material.
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